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Introduction
Retrial queueing systems are characterized by the fact that an arriving customer who finds all the servers busy upon arrival must leave the service area and repeat his request for service after some random time. Such queues play very important roles in the analysis of telephone switching systems, computer and communication systems [1, 2] .
Most of the investigations in retrial queueing systems consider an arriving customer who finds the server busy joins a retrial group (orbit),while ignore research balking and waiting customers. If a new arriving customer finds the server busy, he may either leave the service area and join orbit, or balk the system forever [3] . We further consider the system has waiting space, and some blocked customers may choose wait in the waiting space (called priority queue) instead of joining the orbit or balking the system [2, 4] .
The feedback phenomenon is another important issue that needs to be addressed for communication systems with repeated attempts [5] . We assume that just after completion of his service a customer either leaves the system or he may demand re-service, in which case this customer has to join the orbit in our system. For example, messages turned out as errors are sent again can be modeled as retrial queues with feedback in telecommunication systems. Customers may call again if their problems are not completely solved in a call center.
Communication protocol is basically following certain rules so that the system works properly [2, 6] . One of the more usual communication protocols in the local area networks (LAN) is the CSMA (carrier sense multiple access) protocol. There exist several types of CSMA, as for example persistent CSMA and nonpersistent CSMA. It is obviously that when the channel is free, a user with any type packet can be transmitted. When the channel is busy, a user with a packet: (1) in persistent CSMA, the user sticks to wait and transmits the packet as soon as the channel becomes idle; (2) in non-persistent CSMA, the user attempts the transmission again after some random period of time; (3) the user may be lost, or balk the system, and turn to other channels. In our model, we consider a LAN with two types of users (persistent and non-persistent) connected by a single channel. The communication between the two users is realized by the channel. Once the channel is free, the central system allows a persistent user with a packet (if any) to occupy the channel with the aim of sending its message. The nonpersistent users with a packet attempt the transmission independently after a random amount of time. The persistent users have higher priority than the nonpersistent users in transmissions. Some users balk the system when the channel is busy.
The rest of this paper is organized as follows. A detailed mathematical description of the model under study is given in the next section. In section 3, we get the embedded Markov chain describing the behavior of the queueing system at the service completion epochs.
In section 4, we analyze the steady-state probabilities of the system and obtain the explicit expressions of the generating functions of the stationary distribution of
Model description
We consider an M/G/1 retrial system with balking and feedback, where the server applies a waiting space of infinite capacity. The detailed description of the model is given as follows:
(1) New customers arrive from outside of the system according to a Poisson process with rate  . If an external customer finds the server idle, he begins his service immediately. Otherwise, the arriving customer balks the system with probability , p or joins the waiting space (called priority queue) with probability , q or enters the retrial group (called orbit) with probability , r where 1. pqr    A new arriving customer who obtains service immediately is regarded as a member of the priority queue. We will assume that only the customer at the head of the orbit is allowed access to the server. If the server is busy upon retrial, the customer joins the end of the orbit again. Such a process is repeated until the customer finds the server idle and gets the requested service at the time of a retrial. Successive inter-retrial times of any customer are governed by an arbitrary distribution () Ax with corresponding Laplace-Stieltjes transform () s  . After completion of a service, the customer at the head of the priority queue (if any) is being served immediately. Otherwise, a possible new arrival and the one (if any) at the head of the orbit queue compete for service. According to the above rule, customers in the priority queue have non-preemptive priority over those in the orbit.
(2) There is a single server who provides service to all customers. As soon as a customer is served, he will decide either to leave the system with probability , or join the orbit for another service with complementary probability .
 The service times are independently and identically distributed with probability distribution function () Bx , Laplace-Stieltjes transform () s  and nth moments n  .
(3) We suppose that inter-arrival times, retrial times and service times are mutually independent of each other.
At an arbitrary time t , the system can be described by means of the Markov process
where C(t) 1  denotes the server state (0 or 1, depending if the server is free or busy), 1 
The embedded Markov chain
, 
Proof:
To prove ergodicity, we can use the following Foster's criterion [7] , which states that an irreducible and aperiodic Markov chain is ergodic if there exists a nonnegative function ( ), f j j N  and 0 
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found iff this interval is not empty, Then we have
is a sufficient condition for the ergodicity of .
d X We will obtain from Remark 1 that this condition is also a necessary for ergodicity.
To derive the explicit expressions for the idle probability as well as some other performance measures, the following lemma is necessary.
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We now consider the function 
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Analysis of the steady-state probabilities
In this section we study the steady -state distribution of our queueing system. Let us define the following notations and probabilities:
By the method of supplementary variable technique, we readily obtain the following equations:
The boundary conditions are After substituting (4.7) and (4.8) into (4.9) and (4.10), (1 ( )) (0, ) .
Putting (4.13）into (4.11), we have
Inserting (4.13）and (4.14) into（4.12）yields We can write the normalization condition (4.6) as 0 0 1
(1) (1,1) 1 
The system is occupied with probability 00 (1) (1,1) 1 .
The server is idle with probability 00 (1) 1 .
The server is busy with probability (1, 1) .
The mean number of customers in the priority queue 
The mean number of customers in the system is 12 ( ) ( ) ( ) . 
Numerical results
In this section, we present some numerical results to illustrate the effect of varying parameters on the main performance measures of our system. We consider our model with arrival rate In Figure 1 , we study the relationship of the idle probability 0 P with the parameters p and  for q 0.2,  4.
  As we expected, the idle probability increases rapidly with increasing the balking probability p and leaving probability .
 In Figure 2 , we study the relationship of the lost probability lost P with the parameters p and .
 As intuition tells us, the lost probability increases rapidly with increasing the balking probability p and feedback probability (1 Figure 3 , we plot the mean priority queue size Though the feedback customers return to the orbit instead of the priority queue, the feedback probability  still has impact to the priority queue size, and the feedback probability influence the priority queue size lesser than the orbit size and the system queue size, which we will see later. In Figures 4-5  approaches the stability condition, the mean orbit size tends to infinite (due to the system becomes unstable). 
Conclusions
In the foregoing analysis, an M/G/1 queue with balking, feedback and general retrial times is considered to obtain expressions for various system performance measures of our interest. Numerical examples have been carried out to observe the trend of the idle probability and the mean system size for varying parametric values. Based on the obtained results, the effect of balking and feedback are more apparent when the system is heavily loaded. For light loads, balking has a minor effect on the idle probability and the mean system size of the priority queue. The system performance measures are always sensitive to feedback.
